Abstract In passerine birds, males are generally larger and dominant over females. In line with the dominance theory, in all known differential migrant passerines, females migrate further than males. However, there are alternative explanations to the dominance hypothesis, including the specialisation hypothesis, predicting that females should do better than males in habitats and/or regions to which they are specially adapted, and where they predominate in numbers. Few studies have aimed at comparing the behaviour and condition of males and females wintering in locations largely dominated by female birds. We studied a partly nomadic species, the common chiffchaff Phylloscopus collybita, at a wintering site in Portugal. Most individuals caught at this site were transients. The only consistent and relatively powerful predictor of settlement behaviour was sex. Almost all the birds that settled in the study area were female, while there was an almost even sex ratio in the transient sample. Females had higher muscle and postjuvenile moult scores when first captured. In addition, there was a significant sex-based difference in mass trajectories, with females maintaining body mass and males losing body mass when settled at the study site.
Introduction
Male and female individual birds are often found wintering predominantly in different geographical areas and/or in different habitats within the same region (e.g. Desrochers 1989; Sherry and Holmes 1996; Cristol et al. 1999; Catry et al. 2005a ). There are several hypotheses accounting for such patterns of sexual segregation in the winter quarters, which can be grouped into two main broad themes (Catry et al. 2005a ): (1) according to the social dominance hypothesis, sexual segregation arises from the fact that individuals of the subdominant sex are excluded from preferred habitats or regions by the despotic behaviour of dominant conspecifics (e.g. Gauthreaux Jr 1978; Greenberg 1986; Marra and Holmes 2001) ; and (2) the specialisation hypothesis, on the other hand, suggests that there are no broad competitive asymmetries between males and females (although such asymmetries are likely to occur locally), and that each sex favours the habitat or region where it can maximise its fitness; differences in the physiology, morphology and selective pressures on males and females result in differences in migratory behaviour and habitat selection, with a concomitant segregation in the winter quarters (e.g. Selander 1966; Morton 1990; Cristol et al. 1999) .
Fitness consequences for males and females are predicted to be different under the two broad general scenarios. If dominance is the driving force promoting segregation, then individuals of the subdominant sex should suffer from negative fitness consequences as a result of their inferior competitive ability (Marra et al. 1998; Marra and Holmes 2001) . Under the specialisation hypothesis, each sex should display a better performance in the habitats and regions to which it is better adapted (e.g. Cristol et al. 1999; Catry et al. 2005a) . In passerine birds, males are generally larger and dominant over females. In line with the dominance theory, in all passerine species where differential migration has been conclusively documented, females winter further from the breeding quarters in comparison to males (Cristol et al. 1999) . However, there are alternative explanations to the dominance hypothesis and these have been somewhat overlooked in previous studies. For example, comparisons between the behaviours of the sexes (and associated fitness consequences) in female-dominated wintering areas are rare (but see, for example : Morton 1990; Marra and Holmes 2001; Latta and Faarborg 2002) .
In contrast to territorial species, relatively little is known about the ecology of migrant passerines that exhibit nomadic behaviour in their winter quarters (but see, for example: Senar et al. 1992; Rey 1995) . As a wintering strategy, nomadism is poorly understood, but is possibly linked to ephemeral and unpredictable food resources. Since these kinds of resources are more difficult to monopolise, it might be expected that, in nomadic or non-territorial populations, the patterns and processes underlying segregation of different classes of individuals on the wintering grounds would be different to those populations where winter territoriality or site fidelity is important. However, these ideas remain untested.
The common chiffchaff Phylloscopus collybita is a small and almost exclusively insectivorous migratory Old World warbler (Sylviidae) and is particularly interesting because it has a flexible winter strategy, with the majority of individuals apparently showing nomadic behaviour in the winter quarters (Finlayson 1998; Catry et al. 2003) . Chiffchaffs show sex-based differential migration, with males more commonly found at higher latitudes and females being more frequent in the southernmost wintering areas (Catry et al. 2005b ).
We studied the settlement patterns and body condition of chiffchaffs at a site where the species is abundant during autumn and winter, in a region of the wintering range where females are more numerous than males (Catry et al. 2005b ). According to the dominance model, we predict that males (which are 14% larger than females, in chiffchaffs) would: (1) have better or at least similar body condition to that of females, and (2) be more likely to become sedentary at this study site. This prediction of greater likelihood of males settling arises from observations in other species, where subordinates, mostly females and juveniles, have a greater tendency to behave as transients or floaters (e.g. Monaghan 1980; Davies and Houston 1981; Greenberg 1986; Piper and Wiley 1990; Senar et al. 1990 Senar et al. , 1992 . Within this framework, nomadism is generally seen as a more risk-prone life-style, resulting in lower survival (e.g. Rappole et al. 1989 ). According to the specialisation model, and in contrast with the statements above, we predict (3) that females would be in better condition than males, or at least be better able to maintain condition after becoming resident at this site, and (4) that males would have equal or greater propensity to behave nomadically, either because males forced to winter in female-biased habitats/regions are of inferior quality or because they would avoid staying for long in a suboptimal habitat.
Methods

Study site and population
The study site (38°48¢N, 8°55¢W) was located some 15 km NE (inland) of Lisbon, in coastal central southern Portugal. It consisted of a discrete 1-km line of low tamarisk Tamarix sp. trees, growing on a dyke that separates a belt of reedbeds and the river from pastures that cover the Tejo (Tagus) alluvial plains. Chiffchaffs inhabit the tall vegetation over the dyke, the reedbeds, ditches and fences, but avoid the open pastures that cover most of the area.
Chiffchaffs of the nominate subspecies (P. c. collybita) are one of the most common avian winter visitors to Portugal. Most of these birds breed in the westernmost areas of middle Europe (in Ireland, UK, France and the Low Countries) and winter in Iberia and in North and sub-Saharan Africa (Cramp 1992) . In our study area, chiffchaffs were present from early October to early March, being more common from October to late December. None of the individuals caught or heard in the field emitted the typical call of the summer breeding Iberian chiffchaff P. ibericus, and we believe those birds to have been absent from our study site in autumn and winter (see Catry et al. 2005b for more details).
Trapping, biometrics and marking Chiffchaffs were trapped from dawn till early or mid-afternoon with the aid of mist-nets set to cross the tamarisk line at five fixed points. Capture sessions (1-day trapping) ranged from 11 October to 27 December in 1998 and from 5 to 26 November in 1999. A total of 16 capture sessions were organised (12 in 1998 and 4 in 1999) at approximately regular intervals and on no occasion were two successive trapping sessions less than 5 or more than 11 days apart. A total of 529 different individual chiffchaffs were trapped (403 in 1998 and 126 in 1999) . In each capture session, a tape lure was placed near one of the nets to increase capture rates (Lecoq and Catry 2003) . Twenty-six per cent of the birds captured and considered in this study were caught in a net with an active tape lure.
Every newly trapped bird was ringed and aged following the criteria described in Svensson (1992) . Maximum wing chord was measured using a wing ruler and mass was taken using a Pesola spring balance. Subcutaneous fat reserves were assessed by visual inspection using a 9-point scale (Kaiser 1993 ) and pectoral muscle profiles were scored on a 3-point scale with reference to the prominence of the sternal keel and muscle shape following Gosler (1991) . Pectoral muscle volume can be used as an indicator of overall protein reserves (Gosler 1991; Selman and Houston 1996) and may be a better indicator of condition than fat, reflecting long-term access to good quality diet instead of short-term strategic body mass regulation (Gosler 1991 (Gosler , 1996 . All muscle and fat scoring were done by a single observer (M.L.).
In chiffchaffs, the extent of the post-juvenile moult is variable, with greater coverts, body and tail feathers being the main feather tracts involved. Tail feather moult is initiated last (Norman 1991) , and replacing these feathers is likely to be more costly, due to their large size. The extent of chiffchaff tail moult is correlated to the extent of moult in other feather tracts (Jenni and Winkler 1994) . Thus, tail feather moult was used as an index of the extent of post-juvenile moult. This variable was only measured in 1999.
All captured chiffchaffs were marked with colour rings. Birds captured in October and November 1998 were marked with a different ''cohort'' specific combination in each trapping session. If and when they were retrapped, these birds were fitted with a unique combination of colour rings enabling them to be identified as individuals. Birds caught in December 1998 and in 1999 were individually colour-marked when first caught. All birds were released at the ringing site, within a short distance (<300 m) from the trapping locations.
Each year, regular (approximately weekly) visits were made for the observation of colour-marked individuals until the end of March. Observation effort was standardised and constant in all visits, with the whole study area being visited twice in each visit. Visual recapture probability of birds present at the site was high (0.66 per fortnight, as estimated by applying capturerecapture models to re-sighting data), which results from small individual home ranges .
Sexing
Chiffchaffs are sexually dimorphic with respect to wing length (males larger) and there is little overlap between the sexes (Ticehurst 1938; Geen 1988 ). We used a maximum likelihood mixture model to separate the strongly bimodal distributions of wing lengths (see: MacDonald and Pitcher 1979; Catry et al. 2005b ). We used program MIX3.1a (Ichthus Data Systems) to estimate parameters allowing the development of sexing criteria (with estimated 99% confidence levels) for our samples. Results are as follows: females (juvenile wing £ 57 mm, adult £ 59 mm), males (juvenile ‡ 60 mm, adult ‡ 62 mm). Only 12.5% of the birds could not be sexed on this basis.
Catching birds using a tape lure introduced a bias in sex ratios, because males are more readily attracted (Lecoq and Catry 2003) . Hence, birds captured with tapes were not used to calculate the sex-ratio statistics presented in Results. However, they were used for all the other analyses involving settlement probability and body condition. Using only birds caught without tape lures in the analyses produced the same results (not shown).
Throughout this paper, duration of stay of colourmarked individuals was given by the number of days elapsing between first capture and last re-sighting. This is known to underestimate stopover durations (e.g. Schaub et al. 2001 ). However, given that visual recapture probabilities of chiffchaffs at our study site were very high (see above , it is likely that our measurements underestimate durations of stay by a small amount.
Statistics
Logistic regressions were used to model the probability of a bird behaving as a resident or a transient (see definitions in Results) as a response to the following J Ornithol (2007) 148: 241-249 243 explanatory variables: mark type, sex, age, fat score, muscle score, body mass, moult score and date of capture. The significance of the logistic regression models was assessed using likelihood-ratio tests, and the significance of individual variables in multivariate models using the Wald statistic (Norusis 1994) . Means are presented with standard deviations, except where stated otherwise.
Results
Settlement behaviour
The large majority (70%) of the birds individually colour-marked at first capture (n = 199) were never seen again, indicating that they stayed, at most, only a few days at the study site (see Catry et al. 2003 and Table 1 for more details). There were no cases of birds disappearing for 1 or 2 months and re-sighted later in the season, as would be the case if some individuals were temporarily using this site on passage in autumn and again in late winter or spring. If the probability of an individual departing the study site was independent of the time it had already been present, the frequencies of the duration of stay should follow a geometric distribution (Senar et al. 1992) . In Table 1 , we present the observed and expected frequencies for 1-week classes of duration of stay. There was a strong deviation from the random departure-time model (Kolmogorov-Smirnov D = 0.611, n = 199, P < 0.0001). This resulted from both larger numbers of birds departing earlier than expected and larger numbers of birds remaining for longer periods (>2 months) than expected. Following Senar et al. (1992) , individuals belonging to the larger-thanexpected group of birds caught and seen only once were categorised as transients. All other birds were categorised as residents.
Sex differences in settlement probability
For the following analyses, both individually colourringed and cohort-ringed birds (that could only be identified after first recapture in the mist-nets) were included. Therefore, we incorporated the type of mark used as a random factor in the predictive models, to control for differences in recapture probabilities. The main results remain unchanged when the analyses are conducted using only the smaller group of birds individually colour-ringed at first capture and using only recaptures by re-sighting.
Only sex affected the probability of a bird behaving as a transient (Table 2) . Females were more likely to settle at the study site than males, with a highly significant association in both autumn/winters (logistic Time of stay is the number of weeks from first to last capture of individually colour-ringed birds. Individuals staying 0 weeks were only seen when captured and marked. Individuals staying 1 week were those staying between 1 and 7 days, and so on. Expected values were calculated from a geometric distribution, which would be expected if departure probability was independent of duration of stay. The difference between expected and observed is highly significant (see text) Table 2 Results from a stepwise backward multiple logistic regression to assess the influence of measured variables on the probability of a bird being recaptured (retrapped or re-sighted) in the study areas The overall model was highly significant (G 2 4 = 91.4, n = 460, P < 0.0001). Females were more likely to settle in the study area; individually colour-ringed birds were more likely to be recaptured. n.s. Not significant regression: sex effect 1998-1999, G 2 1 = 23.7, n = 345, P < 0.0001; sex effect 1999-2000, G 2 1 = 21.8, n = 118, P < 0.0001). Age, fat and muscle scores did not affect settlement probability (Table 2 ). In the case of birds caught without tape lures, the sex ratio was heavily biased towards females among residents, with males representing only 6.4% of this sample (n = 62, binomial test P < 0.001). However, amongst transients (n = 277), the sex ratio was more even, with 44% males (see also Fig. 1) .
Date had no effect on the settlement probability ( Table 2 ), meaning that there was not a defined period of migration, with many transients, followed by a period of settlement.
There was no difference between males and females in the duration of stay for residents (median duration of stay of males = 28 days, n = 8; females = 18 days, n = 71, Mann-Whitney U = 254, P = 0.6). The very small number of male recaptures, particularly after the necessary removal of the initial capture and ringing event in order to minimise any biases related to differences between capture and recapture techniques, prevented us from modelling capture-recapture probability in relation to sex using established techniques to infer stopover duration (e.g. Schaub et al. 2001 ).
Other differences between the sexes At first capture, muscle scores were higher in females (2.42 ± 0.50, n = 269) than in males (2.24 ± 0.47, n = 191), a highly significant difference in both years of study (Mann-Whitney U, 1998,U = 12,207, P = 0.003; 1999,U = 1,248, P = 0.004), but no difference was found in fat scores (males = 2.05 ± 1.01, females = 2.00 ± 0.98, Mann-Whitney U = 25,324, P = 0.8).
Muscle scores significantly affected body mass (F = 10.8, P = 0.001) in a General Linear Model that accounted for the variation in mass caused by sex, size and fat score, confirming the utility of muscle-score measurements (see also Gosler et al. 1998 ). In addition, the post-juvenile tail moults of females captured at the study site were more advanced than males (MannWhitney U = 1,883, P = 0.04, Table 3 ).
After accounting for the effect of tape lures, there was no influence of date on the probability of catching males or females (logistic regression, date b ± SE = -0.01 ± 0.01, n = 461, Wald = 1.7, P = 0.2), indicating that timing and pattern of seasonal occurrence at the study site was similar for both sexes. In cases where birds settled at the study site and were recaptured, males lost mass between first and last capture (mean difference = -0.46 ± 0.47 g, n = 5), while females did not (+0.21 ± 0.56 g, n = 31), a significant difference between the sexes (ANOVA F 1,34 = 1.93, P = 0.02). This result remains significant even when daily fattening rates (mass change divided by the number of days elapsed between weightings) are substituted for overall mass change (males = -0.06 ± 0.08 g day -1 , Fig. 1 Chiffchaff wing-length frequency including only a birds that settled at the study site: ''residents'', and b birds that were captured only once and never seen again: ''transients''. Note the clear bimodal pattern of the distributions, resulting from the pronounced sexual size dimorphism in this species. There is a highly significant difference in the sex ratio of the resident and transient populations, with very few males settling down at the study site (see text) Behaviour at the study site
The spatial behaviour of chiffchaffs at this study site has been described by Catry et al. (2003) . Throughout autumn and winter, chiffchaffs foraged mostly in loose flocks (occasionally singly) displaying little or no interactions between flock members. There was no evidence of territorial behaviour, although some individuals had very small home ranges; such individuals often joined foraging flocks. Song was never heard, although it occasionally occurs at other wintering sites in Portugal.
Discussion
This study documents a pronounced sex difference in the behaviour of partly nomadic chiffchaffs at a wintering site in Portugal, with males having a greater tendency to behave as transients and females being more likely to become temporarily sedentary. Settlement at the study site most likely had profound consequences for males, since the few that did settle (unlike females) lost body mass during their stay. When first trapped, females were in better body condition than males. We know of few if any other studies describing similar patterns in wintering passerines.
It could be argued that our study site might be more of staging area rather than a classical wintering site. If this was the case, the following predictions could be made: (1) the sex ratio of transients should be more female-biased than the sex ratio of residents, because female chiffchaffs winter further south than males; (2) transients should have larger fat scores than residents as they would have to be carrying enough resources to move to the next staging or wintering area; (3) more transients should be caught in autumn and more residents in winter; and (4) individuals should accumulate fat while stopping over. None of these predictions are supported by the data, favouring the alternative view that birds visiting the study site for very short periods are not passing migrants, but rather nomads or floaters that have much larger individual wintering ranges (see also : Finlayson 1998; Catry et al. 2003) . Nomadic behaviour at the winter quarters has been described for at least one other species of the same genus as the chiffchaff, namely the willow warbler P. trochilus (Rabøl 1987; Salewski et al. 2002) . Despite this evidence for nomadic behaviour, some individual chiffchaffs settled down and remained at the study site for part of the winter. Such birds had very small home ranges, each one of them using only a small section of the study area .
The habitat at the study site is not marginal or atypical for the species. Wetland margins are the most favoured habitats for chiffchaffs throughout the entire European wintering range (e.g. Bland 1986; Olioso 1991; Finlayson 1998) . The large number of birds trapped for this study also supports this idea.
It should also be stressed that we found no differences between the sexes in the timing of first capture at our study site and hence differences in the behaviour and condition of males and females cannot be attributed to possible confounding seasonal effects acting differently in male and female birds.
Dominance or specialisation?
Many studies have found dominant birds (often, but not exclusively, the larger and more experienced adult males) to be more sedentary in the winter quarters. Subordinates (often females and juveniles) have a greater tendency to behave as transients or floaters (e.g. Monaghan 1980; Davies and Houston 1981; Greenberg 1986; Piper and Wiley 1990; Senar et al. 1990 Senar et al. , 1992 , which can be a more risk-prone strategy, resulting in lower survival (e.g. Rappole et al. 1989) . Dominance is often found to be a strong predictor of winter body condition as well, which could be mediated by better access and control of resources by more sedentary birds (Piper and Wiley 1990; Carrascal et al. 1998; Gosler and Carruthers 1999) . If females were the dominant sex in chiffchaffs, the patterns described in this study could be attributed to females preventing males from settling in our study site. The reality, however, is that males are the larger sex, weighing, on average, 14% more than females. Furthermore, male birds often are naturally more aggressive, resulting in greater dominance in the non-breeding season (Piper 1997) . Hence, it would be difficult to imagine that female chiffchaffs could, on average, be dominant over males. In any case, aggressive interactions amongst chiffchaffs at our study site were almost never recorded and birds often moved in loose flocks. Social dominance interactions are therefore unlikely to have created these patterns.
The only consistent and relatively powerful predictor of local settlement was sex. Two general possibilities must be considered to explain the reported pattern. Either male chiffchaffs wintering in southern Portugal have a greater propensity to be nomadic and permanently on the move, or they winter (being sedentary or not) mostly in different habitats. These two possibilities will have to be properly evaluated by further and detailed studies in different habitats. It is interesting to note, however, that a study carried out in a very different habitat (dry land covered mostly by scrub and orchards) 200 km to the south of our site, found an even more female-biased sex ratio than we did (Thomas 1994) .
The patterns revealed by the data from this study are more consistent with the specialisation hypothesis, since they upheld predictions 3 (better female body condition) and 4 (lower local settlement rates of males), as detailed in the Introduction. If males are more poorly adapted to the local conditions, they should have a greater likelihood of moving away and, if staying, suffer from degradation in body condition. However, our data cannot reject the hypothesis that dominant males exclude females from more northerly wintering sites and that only low-quality/dominance males reach our study area (see below).
Low-quality males in the South?
Chiffchaffs are differential distance migrants and most males of the Western European populations apparently winter north of our study area (Catry et al. 2005b) . One interesting possibility is that males reaching the study site could be relatively low quality (the better males remaining further north, or in different habitats), an idea that gets support from evidence related to their moult scores. Note that post-juvenile moult takes place before autumn migration and was complete by the time the birds reached our study area. The extent of postjuvenile moult has been regarded as an indicator of condition or quality, because more nutritionally constrained individuals are thought to renew a smaller number of feathers (Gosler 1991) . Juvenile males caught by us had renewed fewer tail feathers than juvenile females, suggesting that they were, on average, of lower individual quality (alternatively, there might be a yet undescribed difference in post-juvenile moult strategies of male and female chiffchaffs).
Muscle-score data also concur with the hypothesis of low-quality males, as scores were consistently higher in female birds, irrespective of their residency status. Note that for mostly nomadic birds, muscle scores are unlikely to reflect local conditions, since muscle reserves, unlike fat, change slowly, not on a daily basis (Gosler and Carruthers 1999) . Muscle scores tend to be higher in socially dominant classes, or in better habitats (Gosler 1996; Carrascal et al. 1998; Catry et al. 2004) , and high muscle scores are thought of as an indication of good physical condition (Gosler 1991 (Gosler , 1996 . Hence, the low muscle scores of males caught at our study site suggest either that males were of lower quality than females, or that they were paying a price for wintering in a suboptimal habitat or region. The fact that males lost mass at the study site, while females maintained it, can also be seen as evidence for the low-quality male hypothesis, although it would also be consistent with the view that males (irrespective of their individual quality) lost mass because they are not well adapted to the predominant habitat at the study site.
It should be noted that the estimated proportion of males in chiffchaff samples wintering in our study region is around 33%, and many males reach areas further south (Catry et al. 2005b) . Knowing that the species is extremely abundant in this region, it is clear that the extreme scenario where only a few handicapped males could have managed to reach our study site is an unlikely one. Furthermore, many females winter in more northerly regions. In other words, the advantage of females reported here is not the result of comparing a few ''top'' females in this particular flyway with the worst ''bottom'' males. It is likely that other factors, beyond a possible latitudinal segregation by individual quality, contribute to underlie the patterns reported here.
Conclusion
The results from this study demonstrate that, in a differential migrant, females can apparently be better adapted than males to a particular wintering site where they predominate in numbers. The apparent disadvantage of males can either result from their low individual quality, or from a poor adaptation to general environmental conditions (including the presence of superior competitors) in female-dominated habitats. More study is needed, at different habitats and geographical locations, to discriminate between these two possibilities. In any case, given that the two sexes do apparently have different winter distributions and strategies, habitat availability during this period could clearly influence population dynamics in a site-dependent manner (Rodenhouse et al. 1997 
